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ABSTRACT

Asteroid impacting Earth is one of the potential threats to human survival and development. The speed of asteroid, typical value of which is 20 km/s,  is much higher than that of reentry vehicle, which is usually lower than second cosmic speed. During entering to Earth’s atmosphere, asteroid usually undergoes violent fiction with air, making huge kinetic energy converting to thermal energy of surrounding air. Therefore, this leads to severe aerodynamic heating on asteroid, violent ablation, even breakup and airburst, producing hazards to ground. The research on aerodynamic heating on asteroid is the basis of other entry problem, such as ablation, breakup and airburst, et al.
The non-equilibrium flowfield of high temperature air and shock layer radiation are strongly coupled for asteroid entry. The high temperature multicomponent gas is source of radiation, which in turn affects characteristics of flowfield. This is nature of aerodynamic heating for asteroid enry. In this paper, radiation energy source term is coupled into the governing equation of thermo-chemical non-equilibrium flow, for which a coupled numerical method is established. Computational Fluid Dynamics(CFD) is used to solve Navier-Stokes equations of thermo-chemical non-equilibrium flow, with inviscid and source term being discretized implicitly to overcome stiff problem, with viscous term discretized explicitly, using an implicit time advancing method called LU-SGS. An steger-warming flux splitting scheme mixed with less dissipative Godunov scheme is used to capture shock and obtain accurate boundary layer. A 13 species (N2,O2,N,O,NO,NO+,N2+,N+,N++,O2+,O+,O++,e-) ionized air model is incorporated, in which thermodynamic and transport properties as well as chemical reaction model refer to Johnston’s work. For computation of radiation, quasi-steady and tangent slice assumption are used to solve radiation transfer equations.
In this paper, numerical simulation of flowfield and aerodynamic heating is carried out for typical asteroid entry condition, and the influence of size, velocity and altitude on heating is analyzed. The results show that there are obvious differences of heating character between asteroid entry and hypersonic vehicle reentry. The radiative heating is dominant for asteroid entry and the convective heating is negligible. Total heat flux at stagnation point increases with diameter. With the increase of entry velocity and size of asteroid, the coupling effects of flowfield and radiation in enhanced. 
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